T HE interdisciplinary work of comparative biologists is gaining more and more attention, and especially in the era of high throughput sequencing, the use of nonmodel organisms is accelerating. The investigation of exceptional organisms holds promise to identify key cellular mechanisms that enable the organism to withstand extreme levels of environmental stress (eg, high DNA damage (1) or longterm anoxia (2) ) and might also reveal important pathways involved in the regulation of the aging process (3) (4) (5) (6) (7) (8) (9) (10) (11) . Such investigations might also steer future research on already established model organisms in unexpected directions. In this issue of Journal of Gerontology, Ridgway and colleagues (12) focus on a group of animals that include such an exceptional organism, the extremely long-lived bivalve Arctica islandica. With a maximum life span close to 500 years (13, 14) , this bivalve species represents the longestlived noncolonial organism on earth. Naturally, the question arises what Arctica can teach us about the aging process and whether the mechanisms involved in its exceptional longevity will be shared across the different phyla (15) . Until now, only a handful of studies have investigated cellular aging processes in bivalves (16) (17) (18) (19) (20) . This interesting group of animals includes both extremely long-lived and very short-lived species, such as Pisidium spp, Donax spp., and Argopecten irradians irradians, which lives only for ~2 years. In addition to their unusual life spans, bivalves are also useful model organisms for aging research because the hard structure of their shells records individual chronological age in the form of yearly age rings (14) so that the age of each individual can be determined. Currently, the science of sclerochronology is increasingly refining the analysis of shell structure and composition, which can give further information about the life history of each individual and the population (http://www.paleontology.uni-mainz.de/ISC2010/ index.htm), including physiological proxies like yearly growth patterns or environmental proxies for temperature and salinity composition (21) . The combination of the investigation of the cellular aging process together with population dynamics and environmental and life history renders this group of animals an interesting model for aging research to decipher the impact of environmental and genetic factors on the aging process and the evolution of longevity. The important paper of Ridgway and colleagues (12) reports the first analysis of the relationship among maximum size, age of maturation, growth rate, and maximum life span in bivalves.
Since the original work of Sacher (22), a large number of studies have been published confirming that, on average, larger mammals live longer than smaller animals (23) (24) (25) . By investigating a total of 111 bivalve species, Ridgway and colleagues report that the rules that were found valid for mammals and other vertebrates also apply for this animal group in that maximum size of bivalves is positively correlated with species longevity. The mechanisms underlying the general trend for an association between larger body size and longevity in vertebrates are a subject of ongoing debate (5, 24, 26, 27) . The current view is that, at least in eutherians and birds, interspecies differences in basal metabolic rate do not explain the variation in maximum longevity (24) . Here, we would also like to draw attention to the limitations of allometric analysis. During the past five decades, a large body of literature has been devoted to the correlation between brain mass and species life span (22, 28) , but by now, there is convincing evidence that the relationship between brain size and longevity is a statistical artifact and that the size of other organs also correlates with life span (29) with a smaller body mass tend to have higher extrinsic mortality rates due to predation (30) . Greater survivorship in larger bodied animals in turn leads to longer life spans and, according to evolutionary theory, the evolution of cellular mechanisms that govern the aging process and determine longevity (eg, cellular repair pathways) (31) . An initial analysis of the then-available data on molluscan mortality in the wild gave some support to the notion that in bivalves, life span is inversely correlated with extrinsic mortality (32) . Different ecosystems and bivalve ecotypes will modulate the cause and consequence of life history parameters and thus affect the aging process, for example, several scallop species, which are known to be short lived, are also known to live mostly epibenthic and are thus more prone to predation than infaunal mud clams. Further research is evidently needed to establish the interrelationship between bivalve size, mortality rate, and species life span taking into consideration the ecotype and ecosystem as well. Furthermore, species that are exceptions to the rule might be interesting to study.
Interestingly, in the present study by Ridgway and colleagues, size does not seem to be a strong factor predicting longevity in bivalves as a stronger negative correlation was found between growth and longevity. Also, age of maturation positively correlates with bivalve longevity, suggesting that development and aging are related in this animal group. Of note, the available correlative data lend support to the idea that development and aging are related in higher organisms as well. Age at maturity is proportional to adult life span in mammals, and the available evidence suggest that mammals that live longer than predicted on the basis of their body mass (ie, bats, primates) also tend to have a longer developmental time than shorter lived animals with a similar body size (24, 25) . Also, in mammals, postnatal growth rates are negatively correlated with maximum life span, although this seems not to be the case in birds (24) . To explain their observations, Ridgway and colleagues (12) discuss the applicability of the evolutionary "antagonistic pleiotrophy" and "disposable soma" theories of aging to bivalves. As bivalves belong to an animal group with indeterminate growth, and seemingly fitness (18) , as well as life-long, and even increasing, fecundity such evolutionary aging theories were often thought not to be relevant. Ridgway and colleagues (12) take an interesting point of view by looking at the reproductive success of the population rather than at the individual level, which will clearly decrease due to extrinsic mortality and therefore lead to a reduction in natural selection with age.
Finally, the question of ecotypes should be considered. Bivalves belong to different ecotypes: They can be active swimmers or sluggish burrowers and live in vastly different environments with respect to temperature, food availability, microbial composition, or predation. Some bivalves further exhibit special behavioral traits such as the frequent metabolic rate depression patterns found in A. islandica (39) . All these factors will affect physiological parameters such as metabolism, reproduction, and growth and therefore also the aging process and the evolution of longevity (3, 40) . Even within the same species, immense differences in maximum life-span potential between different populations have been recorded. Well-documented examples include the Baltic and Icelandic populations of A. islandica (maximum life span: ~40 vs. ~500 years, respectively) (13, 41) and southern and northern populations of the freshwater clam Margaritifera margaritifera (maximum life span: ~30 vs. ~200 years, respectively) (16) . The time may be right for such new invertebrate model organisms for aging research (33) . Currently, the "classical" invertebrate models, Caenorhabditis elegans and Drosophila melanogaster, are most frequently used to understand aging because of the possibility for genetic manipulations. However, these organisms were shown to have undergone phylogenetically a massive gene loss. Furthermore, due to their short life span, their aging process may or may not be representative for all age-dependent changes of long-lived species (34) (35) (36) . In humans, centenarians are thought to hold the key to understanding successful aging as it is believed that beneficial variants of longevity assurance genes are enriched in them (37, 38) . This may also be the case with long-lived bivalves. Although bivalves also belong to the protostome clade, sequence data so far indicate only a minor gene loss (42) in the group of lophotrochozoans compared with ecdysozoans.
In conclusion, the present elegant paper by Ridgway and colleagues (12) highlights an entirely novel aspect of the allometry of life span in the animal kingdom and creates an important groundwork for subsequent studies investigating extreme longevity in novel invertebrate models of aging. Investigation of mechanisms of cellular aging in closely related bivalve species with disparate longevity is highly encouraged as these studies might provide insight into evolutionarily conserved factors regulating life span across phyla. Future studies using bivalve models of extreme longevity could test predictions of the oxidative stress theory of aging and the roles of cellular repair and mechanisms involved in maintaining genomic stability.
